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asymptotic stability, 132

backward Euler, 152, 153, 164, 177, 196
basis functions, 22
bilinearity, 28
body force, 73
Boltzmann equation, 72
boundary layer, 87, 88, 177
Boussinesq assumption, 186

Cauchy stress principle, 93
Cauchy stress vector, 73–75, 82, 97
Cauchy–Schwarz inequality, 7
Cea’s lemma, 31, 35, 68, 124
checkerboard mode, 60
coating flows, 81
coercive, 29
compact support, 11, 142, 187
computational fluid dynamics (CFD),
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conservation, 43
of mass, 72
of momentum, 44, 45, 48, 50, 73

conservation of mass, 72
continuity equation, 44, 66, 89
contraction, 108, 125

tensor, 38
convection-diffusion equation, 45
cross product, 39
Crouzeix–Raviart element, 66
cubic bubble, 25, 64

curl, 40, 42, 49, 67, 96, 98
cutoff length scale, 186

d’Alembert’s paradox, 119
Darcy’s law, 47
deformation, 37, 39, 76
differential filter, 196
dimensional analysis, 85, 180
direct numerical simulation (DNS), 180
discrete inf-sup condition

Ladyzhenskaya–Babuska–Brezzi
(LBB) condition

div-stability, 62, 66, 131, 135
discretely divergence free

Vh, 62
div, 40
divergence free subspace V, 57
divergence theorem, 26, 42, 72
driven cavity, 79
dual norm, 105
dynamic similarity, 13, 85
dynamic viscosity, 76

eddy viscosity, 186, 188
energy cascade, 14, 186
energy dissipation rate, 146
energy equality, 148
energy inequality, 139, 143, 145, 146
Euler equations, 12, 76, 87
extrapolated trapezoid rule, 163–165

Fick’s law, 45
finite element method (FEM), 26, 30,
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151, 165, 168, 175, 177
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Fortin’s lemma, 63
Fourier’s law of heat conduction, 46
Froude number, 98
fully discrete, 151
fundamental problem, 143

Galerkin approximation, 30, 125
Stokes problem, 59

Galerkin orthogonality, 61
Gaussian filter, 196
global uniqueness, 107, 125
grad, 40
gradient tensor, 39
Gronwall’s inequality, 148, 152

Hölder’s inequality, 7, 117
Helmholtz decomposition theorem, 43
Hood–Taylor element, 66, 131, 161
hyperviscosity, 195

incompressible, 42
inf-sup condition, 57, 58, 63, 67–70,

104, 117, 199
interpolation, 23
irrotational flow, 42, 50
isolated solution, 116
iteration, 134

K41 theory, 14, 182
kinematic viscosity, 78
kinetic energy, 3, 5, 139, 145
kinetic theory, 78
Kolmogorov microscale, 180, 185

Ladyzhenskaya inequalities, 11
Ladyzhenskaya model, 194
large eddy simulation (LES), 180,

189–191, 194
Lax–Milgram theorem, 28, 34, 35, 58,

67
LBBh, 122, 126, 154

discrete inf-sup condition, 63
Leray conjecture, 146
Leray theory, 180
Leray–Prodi–Serrin condition, 144, 149
Leray–Schauder, 111, 112
linear-constant element, 59

little lemma, 60
Lp, 7

material derivative, 50, 74, 93
MINI element, 64, 66, 130, 160
mixed methods, 54
momentum equation, 75

Navier’s slip law, 82
Navier–Stokes equations (NSE), 72, 77,

78, 85, 88, 89, 97
Newton’s method, 119
Newtonian fluid, 77
no-slip condition, 8, 78, 79
nonsingular solution, 116
nonsingularity, 117

Oseen problem, 108, 119, 176

passive scalar, 45
penalty method, 69
perfect fluid, 76
Poincaré–Friedrichs inequality, 9, 15,

28, 57, 105, 106, 132, 195
porosity, 46
porous media, 26
potential flow, 42, 50, 53
pressure, 12, 17, 26
pressure drag, 99
pressure Poisson equation, 17, 18, 28, 68
Prodi–Serrin condition, 144, 149

regularity conjecture, 146
Reillich lemma, 111
Reynolds averaging, 97
Reynolds number, 13, 83, 85, 132, 151,

177, 189
Reynolds stress tensor, 188

semidiscrete, 151
Serrin’s condition, 144
shear flow, 40, 110
shear viscosity, see dynamic viscosity
skew symmetric, 133
slip with friction, 78, 193, 196
Smagorinsky model, 191
space-filtered NSE, 188
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spin tensor, 39
Stokes flow, 86
Stokes problem, 53–64, 66–69
Stokes projection, 176, 177
stress, 74
stress strain relation, 76
stress tensor, 75, 76, 94, 97, 148, 194
strong solution, 140, 148, 153
summation convention, 38
support of a function, 65, 142

Taylor cells, 91, 115
Taylor experiment, 91, 114
time average, 149
Trace theorem, 10
traction vector, 73
trapezoid rule, 161
triangulation, 18
turbulence, 151, 180
turbulent pressure, 189

turbulent stress, 188
turbulent viscosity, 189

uniqueness, 143

V* norm, 57, 105, 117
variational formulation, 28, 55–58, 108,

140
Stokes problem, 56

viscosity, 12
viscous stress tensor, 76
von Karman vortex street, 87, 101
vorticity, 40, 96, 98

weak derivative, 10
weak solution, 139, 141, 142

X, 8
X*, 30
X* norm, 9


